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LIGHT-EMITTING DIODE DEVICE AND 
METHOD FOR FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a light-emitting diode (LED) 

device and more particularly to LED devices With a lens 
module having a ?uorescent material and methods for fabri 
cating the same. 

2. Description of the Related Art 
Light-emitting diode (LED) devices are solid-state light 

sources and have been knoWn for years. The LED devices are 
based on the recombination of electron-hole pairs in a pn 
junction in a semiconductor material Which is forWard-bi 
ased. Advantages of LED devices compared With traditional 
lamps are loWer poWer consumption and longer lifespan. In 
particular, because White light LED devices have high color 
rendering index (CRI), it has become one of the most popular 
illuminating devices used. 
A White light LED device can be obtained by mixing red, 

green, and blue lights using a combination of a red light LED 
chip (or die), a green light LED chip, and a blue light LED 
chip to form the White light LED device. HoWever, the above 
three-in-one White light LED device is expensive because it 
requires three LED chips for different emitted lights. More 
over, the CRI is reduced due to different light-emitting e?i 
ciencies for each of the three LED chips. 

In order to address the above draWbacks, a White light LED 
device has been developed by using a combination of a blue 
light LED device combined With a ?uorescent material, such 
as a phosphor material. The blue light passes through the 
?uorescent red and green phosphor material, such that the 
combination of blue, red, and green lights produces a White 
light. Currently, such a White light LED device is formed by 
?lling an epoxy resin containing phosphors around a blue 
light LED chip and then a lens is capped thereon. HoWever, 
poor uniformity of the ?lled epoxy resin reduces the light 
emitting properties of the LED devices. Another method to 
form the White light LED device is to ?ll a transparent pro 
tective resin or glue around a blue light LED chip folloWed by 
coating an epoxy resin layer containing phosphors thereon 
and capping a lens on top. HoWever, the coating rate of the 
epoxy resin layer is sloW and it is also di?icult to control the 
uniformity of the epoxy resin layer. Further another method to 
form the White light LED device is to form a lens on a blue 
light LED chip folloWed by coating an epoxy resin layer 
containing phosphors thereon and covering the lens With a 
transparent protective resin or glue. HoWever, the coating rate 
of the epoxy resin layer is also sloW and the manufacturing 
cost is high. 

Therefore, there is a need to develop a novel LED device 
capable of addressing the above problems. 

BRIEF SUMMARY OF TIE INVENTION 

A detailed description is given in the folloWing embodi 
ments With reference to the accompanying draWings. A semi 
conductor device and a method for fabricating the same are 
provided. An embodiment of a semiconductor device com 
prises a semiconductor substrate having a cavity. A light 
emitting diode chip disposed in the cavity of the semiconduc 
tor substrate. At least tWo isolated outer Wiring layers are 
disposed on the bottom surface of the semiconductor sub 
strate and are electrically connected to the light-emitting 
diode chip, serving as input terminals. A lens module is 
adhered to the top surface of the semiconductor substrate to 
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2 
cap the cavity, in Which the lens module comprises a molded 
lens and a molded ?uorescent layer thereunder and the 
molded ?uorescent layer faces the light-emitting diode chip. 
An embodiment of a method for fabricating semiconductor 

devise comprises providing a semiconductor Wafer compris 
ing a plurality of cavities and a plurality of light-emitting 
diode chips in the corresponding cavities. The plurality of 
cavities of the semiconductor Wafer is capped With a lens 
plate, in Which the lens plate comprises a plurality of molded 
lenses, a plurality of molded ?uorescent layers under the 
corresponding molded lenses and the molded ?uorescent 
layer faces the and faces the corresponding light-emitting 
diode chips, and a glass Wafer interposed betWeen the plural 
ity of molded ?uorescent layers and the plurality of molded 
lenses. The bottom surface of the semiconductor Wafer is 
etched to form a plurality of notches betWeen the adjacent 
cavities to form individual semiconductor substrates. The 
lens plate is cut from the plurality of notches to form indi 
vidual lens modules on the corresponding semiconductor 
substrates. 
Another embodiment of a method for fabricating semicon 

ductor devises comprises providing a semiconductor Wafer 
comprising a plurality of cavities and a plurality of light 
emitting diode chips in the corresponding cavities. Each cav 
ity of the semiconductor Wafer is capped With a lens module, 
in Which each lens module comprises a molded lens and a 
molded ?uorescent layer thereunder and the molded ?uores 
cent layer faces the light-emitting diode chip. The semicon 
ductor Wafer betWeen the adjacent cavities is cut to form 
individual semiconductor substrates With the corresponding 
lens module. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention can be more fully understood by reading the 
subsequent detailed description and examples With refer 
ences made to the accompanying draWings, Wherein: 

FIGS. 1A to 1C are cross sections ofan exemplary embodi 
ment of a method for fabricating a lens plate according to the 
invention; 

FIGS. 2A to 2B are cross sections of another exemplary 
embodiment of a method for fabricating lens modules accord 
ing to the invention; 

FIGS. 3A to 3D are cross sections of an exemplary embodi 
ment of a method for fabricating LED devices according to 
the invention; 

FIGS. 4A to 4D are cross sections of another exemplary 
embodiment of a method for fabricating LED devices accord 
ing to the invention; and 

FIGS. 5A to 5C are cross sections of yet another exemplary 
embodiment of a method for fabricating LED devices accord 
ing to the invention. 

DETAILED DESCRIPTION OF INVENTION 

The folloWing description is of the best-contemplated 
mode of carrying out the invention. This description is pro 
vided for the purpose of illustrating the general principles of 
the invention and should not be taken in a limiting sense. The 
scope of the invention is best determined by reference to the 
appended claims. 

FIGS. 3D, 4D and 5C, are cross sections of various exem 
plary embodiments of LED devices according to the inven 
tion, respectively. Elements in FIGS. 4D and 5C that are the 
same as those in FIG. 3D are labeled With the same reference 
numbers as in FIG. 3D and are not described again for brevity. 
Referring to FIG. 3D, the LED device comprises a semicon 
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ductor substrate 200, such as a silicon substrate or other 
semiconductor substrates Well known in the art, having a 
cavity 10011. The semiconductor substrate 200 may contain a 
variety of elements, including, for example, transistors, resis 
tors, and other semiconductor elements Well knoWn in the art. 
In order to simplify the diagram, the variety of elements is not 
depicted. At least tWo isolated inner Wiring layers 104 are 
disposed in the cavity 10011. A light-emitting diode (LED) 
chip 101, such as a blue light LED chip (or die), is disposed in 
the cavity 100a and is electrically connected to the inner 
Wiring layers 104 by Wire bonding through Wiring lines 103. 
In another embodiment, the LED chip 101 can be electrically 
connected to the inner Wiring layers 104 by a ?ip chip 
method. At least tWo isolated outer Wiring layers 112 are 
disposed on the bottom surface of the semiconductor sub 
strate 200, serving as input terminals. In the embodiment, the 
outer Wiring layers 112 extend to sideWalls of the semicon 
ductor substrate 200 and the inner Wiring layers 104 extend to 
the top surface of the semiconductor substrate, such that the 
outer Wiring layers 112 are directly connected to the inner 
Wiring layers 104, respectively, so as to be electrically con 
nected to the LED chip 101. A lens module 1611 is adhered to 
the top surface of the semiconductor substrate 200 by an 
adhesion layer 108, to cap the cavity 10011. In the embodi 
ment, the lens module 1611 comprises a molded lens 14, a 
molded ?uorescent layer 12 under the molded lens 14 and the 
molded ?uorescent layer 12 faces the LED chip 101. In addi 
tion, a glass substrate 10a is interposed betWeen the molded 
?uorescent layer 12 and the molded lens 14. The molded 
?uorescent layer 12 may comprise phosphor. Moreover, the 
central portion of the molded ?uorescent layer 12 has a thick 
ness thicker than that of the edge portion of the molded 
?uorescent layer 12, such that the correlated color tempera 
ture (CCT) of the emitted light through the molded ?uores 
cent layer 12 can be more uniform. A re?ective layer 114, 
such as Ag metal or Well re?ective material, can be coated on 
the edge of the lens module 1611 for prevention of light leak 
age. Thus, brightness of the LED device can be increased. 

Referring to FIG. 4D, unlike the LED device shoWn in FIG. 
3D, the semiconductor device 200 may comprise at least tWo 
through openings 1000 under the cavity 100a, such that at 
least tWo outer Wiring layers 11211 are electrically connected 
to the inner Wiring layers 104 by the through openings 1000, 
respectively. 

Referring to FIG. 5C, unlike the LED device shoWn in FIG. 
4D, the molded ?uorescent layer 12 is directly adhered under 
the molded lens 14 Without the glass substrate 10a interposed 
therebetWeen. 

Referring to FIGS. 3A to 3D, Which are cross sections of an 
exemplary embodiment of a method for fabricating LED 
devices according to the invention. As shoWn in FIG. 3A, a 
semiconductor Wafer 100, such as a silicon Wafer or other 
semiconductor Wafers Well knoWn in the art, is provided. The 
semiconductor Wafer 100 comprises a plurality of cavities 
100a adjacent to each other. In order to simplify the diagram, 
only tWo adjacent cavities 10011 are depicted. 
An insulating layer 102, such as a silicon oxide layer 

formed by thermal oxidation, chemical vapor deposition 
(CVD) or other conventional deposition, and a metal layer 
(not shoWn) are successively and conformally formed on the 
top surface of the semiconductor Wafer 100 and the inner 
surface of each cavity 10011. The metal layer may comprise 
aluminum (Al), copper (Cu), nickel (Ni), aurum (Au), or 
argentum (Ag) or alloys thereof. Moreover, the metal layer is 
then patterned by a lithography and etching process to form at 
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4 
least tWo isolated inner Wiring layers 104 in each cavity 10011. 
The inner Wiring layers 104 also extend to the top surface of 
the semiconductor Wafer 100. 
A plurality of LED chips 102 are correspondingly provided 

in the plurality of cavities 100a and is electrically connected 
to the corresponding inner Wiring layers 104 by Wire bonding 
through Wiring lines 103 or by a ?ip chip method through 
bumps (not shoWn). A transparent resin 106, such as epoxy or 
glue, may be optionally ?lled into each cavity 10011 to cover 
and protective each light-emitting diode chip 101. 
As shoWn in FIG. 3B, the plurality of cavities 10011 of the 

semiconductor Wafer 100 is capped With a lens plate 16 by an 
adhesion layer 108, such as an epoxy layer. FIGS. 1A to 1C, 
are cross sections shoWing a method for fabricating the lens 
plate 16. In FIG. 1A, a glass Wafer 10 is provided. A plurality 
of molded ?uorescent layers 12, such as phosphor layers, is 
formed on the bottom surface of the glass Wafer 10 by a mold 
20 and arranged as an array. The plurality of molded ?uores 
cent layers 12 corresponds to the plurality of cavities 100a 
shoWn in FIG. 3A. In order to simplify the diagram, only tWo 
adjacent molded ?uorescent layers 12 are depicted. Since the 
?uorescent layer 12 is formed by molding, the pro?le of 
?uorescent layer 12 can be easily controlled. In the embodi 
ment, the central portion of the molded ?uorescent layer 12 
has a thickness thicker than that of the edge portion thereof. In 
FIG. 1B, after removal of the mold 20, a plurality of molded 
lenses 14 comprising, for example, a resin material, is formed 
on the top surface of the glass Wafer 10 corresponding to the 
plurality of molded ?uorescent layers 12 by a mold 30, such 
that the glass Wafer 10 is interposed betWeen each molded 
?uorescent layers 12 and each molded lens 14. After removal 
of the mold 30, a lens plate 16 is completed, as shoWn in FIG. 
1C. Each molded ?uorescent layer 12 of the lens plate 16 
faces to the corresponding LED chip 101 after the lens plate 
16 is adhered to the semiconductor Wafer 100. The semicon 
ductor Wafer 100 is thinned by grinding the bottom surface 
thereof. 
As shoWn in FIG. 3C, the grounded bottom surface of the 

semiconductor Wafer 100 and the overlying adhesion layer 
108 are successively etched to form a plurality of notches 
1001) between the adjacent cavities 10011 to form individual 
semiconductor substrates 200 and expose the glass Wafer 10. 
At least tWo isolated outer Wiring layers 112 is formed on the 
bottom surface of each semiconductor substrate 200 by 
deposing a metal layer (not shoWn) folloWed by a lithography 
and etching process. The outer Wiring layers 112 may com 
prise the same or similar material as the inner Wiring layers 
104. In the embodiment, the outer Wiring layers 112 serve as 
input terminals and extend to sideWalls of each semiconduc 
tor substrate 200 and the exposed glass Wafer 10, such that the 
tWo outer Wiring layers 112 are directly connected to the 
corresponding inner Wiring layers 104 and are electrically 
connected to the corresponding LED chip 101. In some 
embodiments, the molded lenses 14 can be formed on the 
glass Wafer 10 after grinding the bottom surface of the semi 
conductor Wafer 100, forming notches 100b, and forming the 
isolated outer Wiring layers 112. 
As shoWn in FIG. 3D, the lens plate 16 is cut from the 

plurality of notches 10019 to form individual lens modules 1611 
on the corresponding semiconductor substrates 200. In order 
to simplify the diagram, only a semiconductor substrate 200 
having a lens module 1611 thereon is depicted. Next, the edge 
of each lens module 1611 is coated With a re?ective layer 114 
for prevention of light leakage, thereby increasing brightness 
of the LED chips 101. As a result, LED devices of this 
embodiment are completed. 



US 7,928,458 B2 
5 

Referring to FIGS. 4A to 4D, Which are cross sections of 
another exemplary embodiment of a method for fabricating 
LED devices according to the invention. Elements in FIGS. 
4A to 4D that are the same as those in FIGS. 3A to 3D are 
labeled With the same reference numbers as in FIGS. 3A to 3D 
and are not described again for brevity. As shoWn in FIG. 4A, 
a semiconductor Wafer 100 comprising a plurality of cavities 
100a adjacent to each other and at least tWo through openings 
1000 under each cavity 10011 is provided. 
An insulating layer 102a, such as a silicon oxide layer 

formed by thermal oxidation, chemical vapor deposition 
(CVD) or other conventional deposition, is conformally 
formed on the top and bottom surfaces of the semiconductor 
Wafer 100, the inner surface of each cavity 100a, and the inner 
surface of each through openings 1000. Next, tWo metal lay 
ers (not shoWn) is conformally formed on the insulating layer 
102a overlying the top and bottom surfaces of the semicon 
ductor Wafer 100, respectively, and ?ll the through openings 
1 000. The metal layers are then patterned by a lithography and 
etching process to form at least tWo isolated inner Wiring 
layers 104 in each cavity 100a and at least tWo isolated outer 
Wiring layers 11211 on the semiconductor Wafer 100 under 
each cavity 100a. Thus, the tWo outer Wiring layers 112a 
under each cavity 10011 are electrically connected to the cor 
responding inner Wiring layers 104 by the through openings 
1000. 
As shoWn in FIG. 4B, the plurality of cavities 10011 of the 

semiconductor Wafer 100 is capped With a lens plate 16 
shoWn in FIG. 1C. 
As shoWn in FIG. 4C, the bottom surface of the semicon 

ductor Wafer 100 and the overlying adhesion layer 108 are 
successively etched to form a plurality of notches 100b 
betWeen the adjacent cavities 10011 to form individual semi 
conductor substrates 200 and expose the glass Wafer 10. 
As shoWn in FIG. 4D, the lens plate 16 is cut from the 

plurality of notches 10019 to form individual lens modules 1611 
on the corresponding semiconductor substrates 200.Also, the 
edge of each lens module 1611 is coated With a re?ective layer 
114 for prevention of light leakage. As a result, LED devices 
of this embodiment are completed. 

Referring to FIGS. 5A to SC, Which are cross sections of 
yet another exemplary embodiment of a method for fabricat 
ing LED devices according to the invention. Elements in 
FIGS. 5A to SC that are the same as those in FIGS. 4A to 4D 
are labeled With the same reference numbers as in FIGS. 4A 
to 4D and are not described again for brevity. As shoWn in 
FIG. 5A, a semiconductor Wafer 100 having a structure 
shoWn in FIG. 4A is provided. 
As shoWn in FIG. 5B, each cavity 10011 of the semiconduc 

tor Wafer 100 is capped With a lens module 17 by an adhesion 
layer 108. FIGS. 2A to 2B, are cross sections of an exemplary 
embodiment of a method for fabricating lens modules 17. 
Elements in FIGS. 2A to 2B that are the same as those in 
FIGS. 1A to 1C are labeled With the same reference numbers 
as in FIGS. 1A to 1C and are not described again for brevity. 
In FIG. 2A, a mold 20 having a plurality of ?uorescent layers 
12 is provided. In FIG. 2B, the mold of a plurality of molded 
lenses 14 is correspondingly formed on the plurality of 
molded ?uorescent layers 12 by a mold 30. Next, the mold 20 
is removed. 
As shoWn in FIG. 5C, after removal of the mold 30, the 

semiconductor Wafer 100 betWeen the adjacent cavities 10011 
is cut to form individual semiconductor substrates 200 With 
the corresponding lens module 17. Also, the edge of each lens 
module 17 is coated With a re?ective layer 114 for prevention 
of light leakage. As a result, LED devices of this embodiment 
are completed. 
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6 
According to the aforementioned embodiments, the ?uo 

rescent layers are formed on an additional glass carrier. Com 
pared to the conventional ?uorescent layer ?lled around an 
LED chip, uniformity of the ?uorescent layer can be 
improved. Moreover, since the ?uorescent layers are formed 
by molding, good pro?le control of the ?uorescent layer can 
be obtained. Furthermore, the lens and the ?uorescent layer 
formed on opposing sides of a glass carrier by molding are 
easily reWorkable, thus reducing manufacturing costs. Addi 
tionally, since the LED devices are packaged by a Wafer level 
package, high production rate can be obtained. 

While the invention has been described by Way of example 
and in terms of preferred embodiment, it is to be understood 
that the invention is not limited thereto. To the contrary, it is 
intended to cover various modi?cations and similar arrange 
ments (as Would be apparent to those skilled in the art). 
Therefore, the scope of the appended claims should be 
accorded the broadest interpretation so as to encompass all 
such modi?cations and similar arrangements. 

What is claimed is: 
1. A semiconductor device, comprising: 
a semiconductor substrate having a cavity; 
a light-emitting diode chip disposed in the cavity; 
at least tWo isolated outer Wiring layers disposed on the 

bottom surface of the semiconductor substrate and elec 
trically connected to the light-emitting diode chip, serv 
ing as input terminals; and 

a lens module adhered to the top surface of the semicon 
ductor substrate to cap the cavity, comprising: 

a molded lens; 
a molded ?uorescent layer under the molding lens, having 

a convex surface facing the light-emitting diode chip; 
and 

a glass substrate interposed betWeen the molded ?uores 
cent layer and the molded lens. 

2. The semiconductor device of claim 1, Wherein the cen 
tral portion of the molded ?uorescent layer has a thickness 
thicker than that of the edge portion of the molded ?uorescent 
layer. 

3. The semiconductor device of claim 1, further comprising 
a re?ective layer coated on the edge of the lens module. 

4. The semiconductor device of claim 1, further comprising 
at least tWo isolated inner Wiring layers disposed in the cavity, 
electrically connecting betWeen the light-emitting diode chip 
and the isolated outer Wiring layers. 

5. The semiconductor device of claim 4, Wherein the semi 
conductor substrate comprises at least tWo through openings 
under the cavity, such that the outer Wiring layers are electri 
cally connected to the inner Wiring layers by the through 
openings, respectively. 

6. The semiconductor device of claim 4, Wherein the outer 
Wiring layers extend to sideWalls of the semiconductor sub 
strate and the inner Wiring layers extend to the top surface of 
the semiconductor substrate, such that the outer Wiring layers 
are directly connected to the inner Wiring layers, respectively. 

7. The semiconductor device of claim 1, further comprising 
a transparent resin ?lled into the cavity to cover the light 
emitting diode chip. 

8. A semiconductor device, comprising: 
a semiconductor substrate having a cavity; 
a light-emitting diode chip disposed in the cavity; 
at least tWo isolated outer Wiring layers disposed on the 

bottom surface of the semiconductor substrate and elec 
trically connected to the light-emitting diode chip, serv 
ing as input terminals; 
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at least tWo isolated inner Wiring layers disposed in the 
cavity, electrically connecting betWeen the light-emit 
ting diode chip and the isolated outer Wiring layers; 

a lens module adhered to the top surface of the semicon 
ductor substrate to cap the cavity, comprising: 

a molded lens; and 
a molded ?uorescent layer under the molding lens, having 

a convex surface facing the light-emitting diode chip; 
Wherein the semiconductor substrate comprises at least 

tWo through openings under the cavity, such that the 
outer Wiring layers are electrically connected to the 
inner Wiring layers by the through openings, respec 
tively. 

8 
9. The semiconductor device of claim 8, Wherein the cen 

tral portion of the molded ?uorescent layer has a thickness 
thicker than that of the edge portion of the molded ?uorescent 
layer. 

10. The semiconductor device of claim 8, further compris 
ing a re?ective layer coated on the edge of the lens module. 

11. The semiconductor device of claim 8, further compris 
ing a transparent resin ?lled into the cavity to cover the 
light-emitting diode chip. 


